Ceramide mediates caspase-independent programmed cell death.
Although numerous studies have implicated the sphingolipid ceramide in the induction of cell death, a causative function of ceramide in caspase-dependent apoptosis remains a highly debated issue. Here, we show that ceramide is a key mediator of a distinct route to programmed cell death (PCD), i.e., caspase-independent PCD. Under conditions where apoptosis is either not initiated or actively inhibited, TNF induces caspase-independent PCD in L929 fibrosarcoma cells, NIH3T3 fibroblasts, human leukemic Jurkat T cells, and lung fibroblasts by increasing intracellular ceramide levels prior to the onset of cell death. Survival is significantly enhanced when ceramide accumulation is prevented, as demonstrated in fibroblasts genetically deficient for acid sphingomyelinase, in L929 cells overexpressing acid ceramidase, by pharmacological intervention, or by RNA interference. Jurkat cells deficient for receptor-interacting protein 1 (RIP1) do not accumulate ceramide and therefore are fully resistant to caspase-independent PCD whereas Jurkat cells overexpressing the mitochondrial protein Bcl-2 are partially protected, implicating RIP1 and mitochondria as components of the ceramide death pathway. Our data point to a role of caspases (but not cathepsins) in suppressing the ceramide death pathway under physiological conditions. Moreover, clonogenic survival of tumor cells is clearly reduced by induction of the ceramide death pathway, promising additional options for the development of novel tumor therapies.